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(54) POLYB UTADIEN E RUBBER AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a polybutadiene rubber useful for base tread, sidewall, 
etc., of a tire by including a specific boiling rr-hexaneHnsoluble component and a boiling n~ 
hexane-soluble component at a specific ratio. 

SOLUTION: The objective rubber contains (A) 10-25 wt.% component insoluble in boiling n— 
hexane and composed mainly of 1 ,2-pofybutadiene having a reduced viscosity of 0.5~4 and (B) 
90-75 wt.% component soluble in boiling n~ hexane and composed mainly of a high~~cis 
polybutadiene satisfying the formula t-cp>4ML (t~cp is viscosity of toluene solution; ML is 
Mooney viscosity at 100° C). The rubber can be produced by polymerizing butadiene using a 
catalyst obtained by aging a compound of a group HI metal of the periodic table, an 
alkylaluminum hydride compound and butadiene, etc., and further polymerizing butadiene in the 
presence of the obtained polymer solution and a syndiotactic 1,2-polymerization catalyst. 
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AB - NOVELTY i 

A polybufcadieno rubber consists of 10-2 5 weights (wt,%) of insoluble 
xa-foaacan© content of X, 2 -polybutadien© liavia^ reduced viscosity of 
0*5-4 and 9 0 = 75 of high cia 1 # 2-polybutadieae cosnpononts . *Tlie 

toluQno solution viscosity (tcp) and Ktooaey viscosity (Ml*) satisfies 
tli© relation tcp greater than 4MI*« 
~ DETAILED DESCRIPTION i 

An XKfDEPENDEE^r CI.A1M is also included for ma nu£ act tire of polybutadieno 
rubber which involves polymerizing butadiene using a compound of group 
XXX metal, alJtyl aluminum hydride compound and alkyl aluminum chloride 
catalyst, in the presence of syndiotactid-1, 2 -polymerization catalyst. 

- USE s 
Mono given- 
ADVANTAGE s 

The rubber has high hardness, high modulus, tear resistant property 
and excellent aatiwear quality. 

- POLYMERS : 

Preferred Property: Mi endogenic curve of differential calorimeter 
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(DSC) ©hows double peak in the range of 170-210 [cleg] C * Preferred 
Mathodi A non-aromatic group solvent is preferably used for 
poIyfflQrizatioQo 
- EXAMPLE : 

3.13 ramol of diisobutyl aluminum hydride in 2 ml n-he^ane, 3,57 mmol 
butadiene in cycloheatane and 0.13 mmol neodymiuxa versatate in 
cycloheKane were miKed and aged for 10 minutes at 20£degjC, 0,3 6 mmol 
diethyl alunii *iuxu chloride in n-hastane was added and aged for 2 0 
minutes. 2 8.8 wt , % 1 , 3 -butadiene and 71.2 wt A cycloheKane were added 
to 2 1 autoclave filled with nitrogen gas to which the prepared liquid 
was added and polymerised for 60 minutes at 60[degr3C 15 mgr of carbon 
disulfide, 0.4 mg/I> of triethyl aluminum and 30 mg/b of cobalt octoatf* 
were added to the polymerization solution and churning was carried out 
for 30 minutes at 60£deg3C. The yield of obtained polybutadiene rubber 
was 115 g . The rate of content of a-hexano insoluble content was 12 
wt A with reduced viecosity of 1.2 and n-heacane extractives was 8 8 
wt„%„ A double peak at X76(deg]C and 191»6[deglC were observed in the 
endogenic curve. The ratio of cia 1,4 structure was 98%. The Mooney 
viscosity was 35 (Mtil + 4, lOOCdecrJC) and toluene solution viscosity 
was 80 . 
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IE : H L C • 8 0 2 A >W (MWVW£&&#M) % V 
A : GMH 6 0 0 0, 2 *>|fc?lj jgffffi : 7" h 7 t Kp 
77^ : 1 - Oiul/^ MAEffilffi : * V Affl 

■ ■ • 4 0°C mm 4 0°C ih^y^jftflf : 

0. 0 2 5 g/1 0 0ml ty/MUI : 0. 5ml 

[0 0 5 1 ] n 5 ^ Pflfi£ : 

^yte -es b ^ fc au» a — * -y- > Ri*d t o^r, mv 

* ^ ^ h vuffi U p jSfc ) K J; o T -> ^ -1, 4 
[0 0 5 2] n — nj*g$><0 ]^^^®ffi*!iffl: 

^f#^> Sr 5 ft »% t ft 5 J; 3 h ^ ^ fcifflW U\ ^ 

[0 0 5 3] n -^**VRj^>XtfjSa-&ftWA — 

J I S~K- 6 3 0 OKSiJtSflTl^SliE^ife 
KlISoTtllSELfco 
[0 0 5 4] (^J6W 1 ) 



xy3. S7mmol {^'jv^^^m®) MNd 
V 3 iMr— h) 0. 1 3mmo I (v-£ 

pr^**>-»WR) Srft-frL, 2 0°C-ei 0»fHi(M!;L 

V Hr<njt— V 9 v—*?\c^ l , 3 - *y 9 ^28. 8 

6 0°CT6 O^S^Lfc, 

t>^i h ^ h h 3 0 m g / L 4rfln£T, 6 0 

°C, 3 0^>IHHfi*fttrV\ a^i, 3 --y^^^i 

^^^f^^l, 2 if-fr Life* a-&BMfS:#JtL 

4U15 g-CfcUs AWSrt* 5 2 (ML 1+4 , 1 

0 0°C) trfcofc 

[0055] itin ~^*^^»^<OlSrW^ 1 2 IE 

fcofc. »»n-^*^*s»(±ia*ttaau. 2-e 

fct), DSCk1J;5SHStft4fttl 7 6°Cir 1 9 1. 6°C 
<o 9y?v ¥-9 fctf LTV^fc (Hl#!R0 o MiDln — . 



^^^■ii/jg^ttA— Jftift"* 5 3 5 (ML 1+4 x 100 
°C) s h;kx>«Sfi^8 0, 0 

[0056] (ttiRwi'-2) c;m.m 1 ~ 3 ) tftMK 



(6) #fj[] 2000-256507 

10 

* 1 2 fc^ Ufco 

[0 0 5 7] (^JSfefiiJ 5 - 8 ) WI«t^W 

[0 0 5 8] (^Jftftl 9—1 0 ) ^Xffi^ll^lllj^ 

10 1t 0 

[0059] ms&M 1 1 - 1 3) i^^:€^flffi 

[0 0 6 0] (SfelbW J. 4 — 1 7) Myxl^) 
(b) / (a) oy^A-VGQiWm 

[0061] ($mmi 8-20) (.^-r i-xmfi^-) 

(d) / (a) <D*r/Utt0W&) 

1. 1 R {fli 1 2 £>y* Lfc. 

[0 0 6 2] (£j»J 21-23) (/^ ^xjfirV# 
(a) j£&0flt$i0!&V) 

30 Jfc&$ 1 3&U% 1 4 Lfc„ 
[0 0 6 3] 

im 1 ] 





Aging Time 


Activity 


C onvers ion 


Micro Structure 




mln 


(g-PB/mmof-Nd-li) 


(%) 


cis(%) 




vinylCH) 




0 


100 


8,9 


95.4 


2.9 


1.7 


ttnm 


5 


150 


13.3 


96.3 


2.1 


1.6 


^2 


30 


792 


70.4 


97.4 


2.0 


0.6 




60 


783 


69.6 


97.B 


1.3 


0.9 


&mm4 


120 


703 


69.6 


93.2 


L1 


0.7 



^>WV7'f /CT^ -^An-fh 7-f K(DIBALM) -2. 4mmoI, 
7"^/xy(BD)=3. 7&mmol, 



(0 0 6 4] 



[«2] 



(7) 



[0 0 6 5] 



[ 0 0 6 6 ] 



[0 0 6 7 J 



11 



M2 0 0 0 
12 



2 5 6 5 0 7 





ML, M 




Mwx SO" 4 


Mw/Mn 




T- op /ML 






3.9 


118.6 


30.8 










8.9 


137.1 


15X) 








43 


9.1 


92-4 


10.1 


1,163 


27.0 




44 


18.9 




8.3 


1,293 


29.4 




43 


17.1 


135.1 


7.9 


1,140 


26-7 








* * [ 


«3] 









Aging Time 


Activity 


Con voi*s Ion 


Micro Structure 




mm 


(g-PB/mmul-Nd.h) 


(%> 




trail s(?6) 


vfnylfK) 




1 


792 


70.4 


97.4 


2,0 


0.6 






758 


67.4 


97.4 


1.4 


1.2 




5 


775 




97.5 


1.5 


1.0 




10 


783 


69.6 


97.4 


1.7 


0.9 



BD = 3. 75fnmoi ( NdV a ^0. 12mmol, DEAC^O. 36mma|, 

33E & [*4] 





MLpj| 


Mn* 10" 4 


Mwx 10" 4 


Mw/Mn 




T. C p/IVlL 




43 


9.1 


92.4 


10.1 


1,163 


27 




44 


18.S 






1,2U0 


27.3 


Hi? 


32 


17.5 


87.4 


5.0 


294 


9.2 




31 


19.9 


74.3 


3,8 


1(31 


5.2 








[ 


M5] 









Polymerization 


Activity 


Conversion 


Micro Structure 




Time(ntin) 


(g--Fn/niiwol-Nd.b) 


(%) 










30 


uoo 


48.9 


97.6 


1.5 


0.9 


SgSEflf] 10 


60 


775 


gs.o 


97.5 


1.5 


1.0 




120 


492 


87.4 


97.8 


1.3 


0.9 



m^#:i>^P^-9->-G15e. BD=135e, DIBALH ^BU— NdV 3 <^;^X'G#^J£) 
DEAC<25£*g&Hk) r D18ALH==2. 4mmol, BD=3. 75mrnol, NdV 3 =0. 12mmol ( 

DEAC = 0. 36mrnol, M^J®=6Q°C, M£B#|B]-g£Stl 



[0 0 6 8] 



^•40 A- [*6] 





ML lM 






Mw/Mn 


T -op 






19 


15.2 


69.9 


4.61 


188 


9.9 


Sfls^J I o 


32 


17.5 


87.4 


4.99 


294 


92 




49 


24.3 


98.0 


3.96 


410 


8.4 



[0 0 6 9] 



[17] 



[ 0 0 7 0 ] 



[0 0 7 1 ] 



[0 0 7 2] 



(8) 



13 



#Pf] 2 0 0 0 
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Polymerization 


Activity 


Conversion 


Micro Structure 




TempCC) 


(erPB/mmol-NdK 


(TO) 


cia(S'i) 


trans (%) 


vinyfOK) 




AO 




52.0 


97,3 


1.7 


1.0 




60 


792 


70.4 


97.4 


2.0 


0.6 


80 


592 


62.6 


97.0 


2.1 


0.9 



DlBALH^BD->NdV3-^DEAC(Sia^30^SiafiJt) 

DIBALH— 2. 4mmo!, BD = 3. 75mmol, NdV a ^Q. ISmmol, 

DEAC = 0. 36mmol, 
Nd:DIBALH:CI= 1 :20:3 

* * [%8] 





ML, t4 


Mnx 10 


MwX 10" 4 


Mw/Mr 


T„ ep 


TV ML 




37 


11.2 


111.6 


9.9 


1.255 


33.9 


^flB^J 1 2 


43 


9.1 


92.4 


10,1 


1,103 


27.0 




46 


11.5 


115.6 


10.4 


751 


16,3 



^ » [*9] 





DIBALH/Nd 


Activity 


Conversion 


Micro Structure 




Mol^r Ratio 


Cg-PB/mmol~Nd.li 


(%) 


cis(?0 


transft) 


vinyl(?6) 




20 


783 


69.6 


97.8 


| 1.3 


0.9 




30 


875 


77.8 


97.5 


1.7 


0.7 




40 


958 


05.2 


97.2 


2.1 


0.7 


SStfeMl 7 


60 


892 


79.3 


96.7 


2.3 


1.0 



">^P^-W> = G1Eig, BD— 1 3£3#, 

DIBALI-MBD->NdV3-*DEAC(^;^X*30^^> 
NdV G ^0. 12mmol, Nd:CI= 1:3, BD = 3. 75mmol, DEAC^O. 36mrnol, 



pi. 



* * [-dtcl 0] 





MLih 


Mnx 10" 4 




Mw/Mn 


T- op 


T_ op /rviL 




44 


18.9 


157.0 


3.3 


1,296 


29.5 


^fifc#J 1 5 


28 


13.5 


227.5 


16.9 


589 


21.0 


Hffi#J 1 6 


15 


13.4 


95.B 


7.2 


209 


13.9 


mmm 1 7 




7.6 


76.0 


10.0 







[00 7 3J 



[*1 1] 



(9) 2000-2 5 6 507 

s 

15 16 







Activity 


Convercior 


Micro Structure 




Molar Ratio 


(g-PB/mmol-Nd.h) 


(%) 




transCft) 






1 


192 


17,0 


95.3 


3.3 


1,4 




3 


783 


1 69.6 


97.0 


1.3 


0.9 




4 


675 


60.0 


97.7 


1.4 


0.9 




5 


250 


22.2 


95.1 


2.7 


2.2 



DJBALH^BD--NdV3- *DEAC-^;§^30#^j£ 

NdV^O, 12mrnol, Nd: DIB ALH= 1 : 20, DlBALH~2. 4mmol r 

□D -3. 75mmol, DEAC = g£lj, 



[0 0 7 4] * * [38 1 2 ] 









Mw*10 * 


Mw/Mn 


T- w 


T- cp /ML 






7.1 


43,4 


6.1 








44 


18.9 


157.0 


8.3 


1,296 


29.5 




43 


15.8 


1 66.0 


10.5 


1,476 


34.3 




20 


6.4 


148.9 


23,4 


1,327 


66.4 



[0 0 7 5 3 » : ^ [«13] 





Nd Catelyfst 


Activity 


Conversion 


Micro Structure 






(g^PB/rnmol-Nd.b) 


<%) 






vinyl(%) 




NdV 3 


1.833 


64.0 


07.1 


1.8 


1.1 




Nd(Oot) 3 




22.7 


96,3 


2.2 


1.5 


^fe#]23 


Nd(Nap) 3 


117 


4.1 


94. t 


3.2 


2.7 



[0 0 7 6 1 * * [i!4] 







MnXlO" 4 


MwX 10 4 










40 


22.2 


95.1 


4.2 


220 


5.5 




17 


9.9 


68.7 


6.9 


77 


4.5 






0.3 


92.3 


11.1 







[1*11] ^Jfi^iiJ^ (A) Mf)DSCff- 



(10) 
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THERMAL ANALYSIS DATA 



FILE NAME- NVC 



n ■ 



0.3 




J 



'J 



I Jj.Llll.1 .J_t.MJ_l.f Jj...|..| /M ..l ISJ A I J ,J ..f l J i.LjJ.JJ_j fJU^JL.lJj' 



J so 



SAMPLE "nabs 
$AHPL£ SIZE 
EAHPUIMG IHJ i.p. 

CCHHENT ■ 

HEATIflfl FfinGRAH 

RATE TEHf? ■ TIHff 



300 



r;ci 



USE 



7py F^-i/(?)i§ 



4J002 AC031 AC032 AC042 

4J011 IIA03 I1B22 PA04 PA76 PC01 

4J015 DA05 DA 14 

4JI00 AS02P CA01 CA12 CAM 

MOO DA24 DA40 PA08 PA 30 

FA34 JA29 



